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SUMMARY 

The l aunch  window c h a r a c t e r i s t i c s  of the 1972 and 1973 J u p i t e r  

o p p o r t u n i t i e s  were examined assuming a n  SLV-3X/Centaur-S/Burner I1 

l a u n c h  v e h i c l e .  I t  was found t h a t  f o r  a 90° t o  1 1 5 O  l aunch  az imuth  

s e c t o r  b o t h  t h e  d i r e c t  and i n d i r e c t  a s c e n t  l aunch ing  modes p r o v i d e  

l a u n c h  windows f o r  these o p p o r t u n i t i e s .  

If t h e  J u p i t e r  encoun te r  were used t o  p r o v i d e  g r a v i t y  a s s i s t ,  

the  p robe  cou ld  meet a secondary  miss ion  o b j e c t i v e ,  s u c h  a s  a ga l ac -  

t i c  p r o b e  o r  a c l o s e  s o l a r  probe. 

E a r t h  i n j e c t i o n  e n e r g i e s  f o r  t h e  1972 and 1973 J u p i t e r  oppor- 

t u n i t i e s  can be r educed  by i n c r e a s i n g  t r i p  t i m e ,  and no o t h e r  energy  

s a v i n g  schemes were uncovered. 

INTRODUCTION 

J u p i t e r ,  the  l a r g e s t  p l a n e t  i n  t h e  s o l a r  system, w i l l  soon be 

t h e  t a r g e t  o f  NASA unmanned s p a c e c r a f t .  Accord ing  t o  p r e s e n t  p l a n s ,  

J u p i t e r  m i s s i o n s  w i l l  be pursued  i n  the e a r l y  1 9 7 0 ' s  u s i n g  a ye t - to -  

be de te rmined  l a u n c h  v e h i c l e .  In  keeping  w i t h  t h e  e x i s t i n g  f a m i l y  of  

. NASA l a u n c h  v e h i c l e s ,  one o f  t h e  prime c a n d i d a t e s  f o r  t h i s  m i s s i o n  

i s  an  u p r a t e d  A t l a s  w i t h  an improved Centaur  and a s o l i d  motor upper 

s t a g e .  Al though d e t a i l e d  d a t a  r e g a r d i n g  t h i s  l aunch  v e h i c l e  a r e  n o t  

TM X-52288 
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y e t  f i n a l i z e d ,  an a t t e m p t  h a s  been made t o  d e f i n e  t h o s e  per formance  

p a r a m e t e r s  which a r e  needed t o  conduct a p r e l i m i n a r y  m i s s i o n  a n a l y s i s .  

The p r imary  pu rpose  of  t h i s  paper  i s  t o  p r e s e n t  d i r e c t  and i n -  

d i r e c t  a s c e n t  l aunch  window pa rame te r s  which t y p i f y  J u p i t e r  oppor tun i -  

t i e s  i n  the e a r l y  1 9 7 0 ' s .  Here in ,  the  1972  and 1973  J u p i t e r  

o p p o r t u n i t i e s  were i n v e s t i g a t e d  assuming an  SLV-3X/Centaur-S/Burner 

I1 l a u n c h  v e h i c l e .  Launch window d a t a  were g e n e r a t e d  f o r  s e l e c t e d  

days  i n  t h e  l aunch  i n t e r v a l s  f o r  b o t h  t h e  d i r e c t  and i n d i r e c t  ( p a r k i n g  

o r b i t )  a s c e n t  d e p a r t u r e  modes. I n  a d d i t i o n ,  a c u r s o r y  a n a l y s i s  was 

made o f  two p o s s i b l e  secondary  mis s ion  o b j e c t i v e s ;  namely, t h e  

g a l a c t i c  p robe  and t h e  c l o s e  s o l a r  p robe .  

An i n t e r p l a n e t a r y  t r a j e c t o r y  program f o r  t h e  I B M  7094  computer 

was used  t o  g e n e r a t e  t h e  E a r t h / J u p i t e r  t r a j e c t o r i e s  i n  t h i s  s tudy .  

The o r b i t s  o f  t h e  p l a n e t s  were assumed t o  be mutua l ly  i n c l i n e d  

e l l i p s e s  w i t h  t i m e - v a r i a n t  o r b i t a l  e l emen t s .  A s p h e r e - o f - i n f l u e n c e  

o r  p a t c h e d  c o n i c  approximat ion  was made f o r  t h e  g e o c e n t r i c ,  h e l i o -  

c e n t r i c ,  and J o v i o c e n t r i c  t r a j e c t o r i e s .  

ANALYSIS 

Boos te r  Performance Assumptions 

I n  o r d e r  t o  p r o v i d e  u s e f u l  l aunch  window d a t a  f o r  any g iven  l aunch  

o p p o r t u n i t y ,  it i s  i m p o r t a n t  t o  d e f i n e  t h e  b o o s t e r  powered f l i g h t  

c h a r a c t e r i s t i c s  inasmuch a s  t h e y  d i r e c t l y  a f f e c t  t h e  l aunch  window 

p a r a m e t e r s ,  e s p e c i a l l y  i n j e c t i o n  t rue anomaly f o r  the d i r e c t  a s c e n t  

c a s e  and  p a r k i n g  o r b i t  c o a s t  t i m e  f o r  t h e  i n d i r e c t  a s c e n t  ca se .  
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An i d e a l  d i r e c t  a s c e n t  l aunch  window shou ld  e x h i b i t  optimum i n j e c -  

t i o n  t r u e  anomal ies  (from a payload  s e n s e )  when l aunches  occur  a t  

l aunch  az imuths  i n  the v i c i n i t y  o f  90' t o  115' E a s t  o f  North from 

Em. If l a r g e  d e p a r t u r e s  f rom the 90' t o  1 1 5 O  az imuth  s e c t o r  a r e  

r e q u i r e d  t o  o b t a i n  optimum t r u e  anomal ies  (maximum pay load) ,  r a n g e  

s a f e t y  i s  compromised and p r a c t i c a l  l a u n c h  windows may n o t  e x i s t .  

I d e a l  i n d i r e c t  a s c e n t  l aunch  windows shou ld ,  f o r  the 90' t o  

115' l a u n c h  az imuth  s e c t o r ,  e x h i b i t  p a r k i n g  o r b i t  c o a s t  t i m e s  which 

a r e  commensurate with v e h i c l e  c a p a b i l i t i e s .  

T y p i c a l  op t imized  b o o s t e r  d a t a  have been g e n e r a t e d  f o r  a p r e l i -  

minary v e r s i o n  o f  the SLV-3X/Centaur-S/Burner 11. Assuming a launch  

az imuth  o f  90° and a p a r k i n g  o r b i t  a l t i t u d e  o f  100 n.mi., t h e  

f o l l o w i n g  i n d i r e c t  a s c e n t  (pa rk ing  o r b i t )  i n j e c t i o n  c o n d i t i o n s  were 

comput ed: 

1. C3, v i s - v i v a  energy  (square  101.597 Km2/sec2 
o f  h y p e r b o l i c  e x c e s s  speed) (VC = 49,000 f p s )  

2 .  , i n j e c t i o n  t r u e  anomaly 12.015O 

3. J' , f l i g h t  p a t h  a n g l e  8.756' 

4. R , r a d i u s  21.94931 x l o 6  f t .  

5. e , e c c e n t r i c i t y  o f  geocen- 
t r i c  hype rbo la  2.67801 

6. el, powered f l i g h t  a r c ,  f irst  
burn  26.99' 

7 .  8 2 ,  powered f l i g h t  a r c ,  second 
burn  23-81' 

8. ti, t 2 ,  powered f l i g h t  t imes ,  
r e s p e c t i v e l y  703.9 and 266.4 sec. 

S k e t c h  A d e p i c t s  some of  t h e  above pa rame te r s .  
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Launch 

I n s e r t i o n  
P e r i g e e  

R e s t a r t  

In jec t ion-  

Ske tch  A - Ascent Geometry 

The g e n e r a t i o n  of d i r e c t  a s c e n t  t r a j e c t o r y  d a t a  i s  n o t  a s  s t r a i g h t -  

forward  a s  i n  the i n d i r e c t  a s c e n t  case ,  and a g r e a t  d e a l  more informa- 

t i o n  (miss ion  c o n s t r a i n t s ,  h e a t i n g  r a t e  l i m i t s ,  e tc.)  must be known. 

A f i rs t  o r d e r  approximat ion  f o r  d i r e c t  a s c e n t  t r a j e c t o r i e s ,  however, 

may be made by assuming t h a t  t h e  t o t a l  powered f l i g h t  a r c  e q u a l s  the 

sum o f  the f irst  and second burn a r c s  f o r  the  i n d i r e c t  a s c e n t  c a s e ;  

i . e . ,  26.99O + 23.81O = 50.80O; and s i m i l a r l y ,  the  powered f l i g h t  t i m e  

w i l l  be approx ima te ly  703.9 + 266.4 = 970.3 seconds.  

For i n d i r e c t  a s c e n t  t r a j e c t o r i e s ,  i n j e c t i o n  t r u e  anomaly i s  f o r  

a l l  p r a c t i c a l  pu rposes  a c o n s t a n t ;  and f o r  a g iven  launch  azimuth, 

p a y l o a d  c a p a b i l i t y  i s  a f u n c t i o n  of i n j e c t i o n  energy.  For  d i r e c t  

a s c e n t  t r a j e c t o r i e s ,  however, i n j e c t i o n  t r u e  anomaly w i l l  v a r y  
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throughout  the d a i l y  l aunch  window; and it h a s  a s t r o n g  i n f l u e n c e  on 

payload  c a p a b i l i t y .  

The e x a c t  v a r i a t i o n  o f  pay load  v s .  t r u e  anomaly f o r  a g iven  day, 

which u l t i m a t e l y  d e f i n e s  d i r e c t  a s c e n t  l aunch  windows i s  n o t  p r e s e n t e d  

i n  t h i s  pape r ,  b u t  t h i s  i n f o r m a t i o n  w i l l  be g e n e r a t e d  a s  soon a s  

d i r e c t  a s c e n t  b o o s t e r  d a t a  becomes a v a i l a b l e .  Here in ,  it i s  assumed 

t h a t  d i r e c t  a s c e n t  l a u n c h  window p o t e n t i a l  e x i s t s  i f  the i n j e c t i o n  

t r u e  anomaly r equ i r emen t  i s  nea r  12' f o r  t h e  90' t o  1 1 5 O  az imuth  

s e c t o r .  This t r u e  anomaly (12') was found t o  be n e a r  optimum f o r  the 

i n d i r e c t  a s c e n t  c a s e ;  and from p r e v i o u s  e x p e r i e n c e ,  the  optimum d i r e c t  

a s c e n t  t r u e  anomaly shou ld  n o t  be  s i g n i f i c a n t l y  d i f f e r e n t .  

RESULTS 

Launch Window C o n s i d e r a t i o n s  

The y e a r s  chosen f o r  a n a l y s i s  were 1972 and 1973, and a 20-day 

l a u n c h  i n t e r v a l  (approximat ing  minimum energy) was s e l e c t e d .  Data 

a r e  p r e s e n t e d  f o r  t h e  f i rs t ,  middle,  and f i n a l  days of t h e  i n t e r v a l s .  

F i g u r e  1 p r e s e n t s  v i s  v i v a  i n j e c t i o n  energy ,  d e c l i n a t i o n  o f  t h e  

outward r a d i a l  ( r e l a t i v e  t o  t h e  e a r t h ' s  e q u a t o r )  and the h y p e r b o l i c  

approach  v e l o c i t y  a t  J u p i t e r  encoun te r  a s  f u n c t i o n s  of  E a r t h - J u p i t e r  

t ime-o f - f  l i g h t  f o r  the  v a r i o u s  launch  d a t e s .  The energy  r e q u i r e m e n t s  

a r e  n e a r l y  the same f o r  b o t h  y e a r s .  

f o r  t he1973  o p p o r t u n i t y  a r e  more s o u t h e r l y  (nega t ive )  t h a n  f o r  the  

1972 o p p o r t u n i t y  which r e s u l t s  i n  less f a v o r a b l e  l a u n c h  az imuths  as  

w i l l  be shown l a t e r .  Approach v e l o c i t i e s  a t  J u p i t e r  a r e  between 9 

and 1 3  W s e c  f o r  b o t h  o p p o r t u n i t i e s .  

. *  

The d e c l i n a t i o n s  (outward r a d i a l )  
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Direct Ascent Mode 

The d i r e c t  a s c e n t  l aunch  window p a r a m e t e r s ,  l aunch  azimuth, and 

i n j e c t i o n  t r u e  anomaly a r e  p r e s e n t e d  on f i g u r e s  2a, 2b, and 2c a s  

f u n c t i o n s  o f  t ime-of - launch  f o r  E a r t h - J u p i t e r  t r i p  times o f  500, 550, 

and 600 days,  r e s p e c t i v e l y .  The launch  d a t e s  c o n s i d e r e d  were 

February  26, March 6, and March 17 ,  1972. Note tha t  the shapes  of 

t h e  az imuth  c u r v e s  on February  26 f o r  550-and 600-day t r i p  t i m e s  

( f i g u r e s  2b and 2c) a r e  d i f f e r e n t  from t h e  o t h e r s  i n  t h a t  90' l a u n c h  

az imuths  a r e  n o t  p o s s i b l e .  On t h e s e  o c c a s i o n s ,  the a b s o l u t e  v a l u e  o f  

t h e  d e c l i n a t i o n  (outward r a d i a l )  exceeds the l a t i t u d e  o f  t h e  l aunch  

s i t e  (about  28.3') t h e r e b y  p r e c l u d i n g  l aunches  w i t h i n  a narrow band 

o f  90'. 

I n  g e n e r a l ,  the  d i r e c t  a s c e n t  mode a p p e a r s  f e a s i b l e  i n  1972 a s  

ev idenced  by  the l aunch  az imuth  r e q u i r e m e n t s  f o r  an  i n j e c t i o n  t r u e  

anomaly of 12 '  ( t h e  assumed optimum v a l u e  from pay load  c o n s i d e r a t i o n s ) .  

These a r e ,  roughly :  loo', 95O, and 90' f o r  opening, middle,  and 

c l o s i n g  days ,  r e s p e c t i v e l y ,  assuming t h a t  t r i p  t imes a r e  between 500 

and 600 days .  

F i g u r e s  3a ,  3b, and 3 c  d e p i c t  d i r e c t  a s c e n t  l aunch  window d a t a  

f o r  t h e  1973 o p p o r t u n i t y .  Nowhere i n  t h e  A p r i l  1 t o  A p r i l  2 1  l aunch  

i n t e r v a l  ( fo r  50Ckto 600-day t r i p s )  may l a u n c h  az imuths  of 90' be  

u t i l i z e d .  Furthermore,  the l o n g e r  the t r i p  t i m e ,  the  wider  the non- 

u s a b l e  az imuth  band. For example, the non-usable az imuth  band f o r  

500-day t r i p s  i s  about  85' t o  95O. For 600-day t r i p s ,  the  non-usable  

az imuth  band i s  abou t  75' t o  105O. I n  s p i t e  o f  t h i s ,  t h e  d i r e c t  

a s c e n t  mode a p p e a r s  p romis ing  f o r  t h e  1973 o p p o r t u n i t y  based  on t h e  

f a c t  t h a t  l a u n c h  az imuths  f o r  1 2 O  t r u e  anomal i e s  l i e  between 100' and 113'. 
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I n d i r e c t  Ascent Mode 

The i n d i r e c t  a s c e n t  l aunch  window pa rame te r s ,  l aunch  azimuth, 

and p a r k i n g  o r b i t  c o a s t  t i m e  a r e  p r e s e n t e d  i n  f i g u r e s  4a, 4b, and 

Yc a s  f u n c t i o n s  o f  t ime-of - launch  f o r  t r i p  times o f  500, 550, and 

600 days,  r e s p e c t i v e l y .  The l aunch  d a t e s  d e p i c t e d  a r e  February  26,  

March 6, and March 17 ,  1972. 

L 

Observe t h a t  f o r  a g iven  launch  d a t e  t h e r e  a r e  two u s a b l e  

b ranches  of the l aunch  az imuth  curve,  meaning t h a t  two l aunch  windows 

e x i s t  p e r  day. The f i rs t  branch  i s  c h a r a c t e r i z e d  by p a r k i n g  o r b i t  

c o a s t  t imes  o f  l e s s  t h a n  o r  e q u a l  t o  1 5  minutes  f o r  l aunch  az imuths  

g r e a t e r  t h a n  o r  e q u a l  t o  90'. The second branch ,  however, may 

e x h i b i t  80 t o  90 minute  c o a s t  t i m e  r e q u i r e m e n t s  depending upon the  

l a u n c h  az imuth  i n  q u e s t i o n .  Ei ther  o r  b o t h  o f  t h e s e  windows may 

be u t i l i z e d  assuming t h a t  t h e  b o o s t e r  i s  des igned  f o r  ex tended  c o a s t  

c a p a b i l i t y .  

I n d i r e c t  a s c e n t  l aunch  window d a t a  f o r  1973 a re  shown i n  f igures  

5a,  5b, and  5c. The same azimuth l i m i t a t i o n s ;  i . e . ,  non-usable  

az imuth  bands,  e x i s t  f o r  i n d i r e c t  a s c e n t  t r a j e c t o r i e s  a s  d i d  f o r  

d i r e c t  a s c e n t  t r a j e c t o r i e s  inasmuch a s  the Ear th -Sun-Jup i t e r  geometry 

r ema ins  the  same r e g a r d l e s s  of t h e  g e o c e n t r i c  a s c e n t  p r o f i l e .  The 

s h a p e s  o f  the az imuth  c u r v e s  i n  f i g u r e s  Sa, 5b, and 5c  t h e r e f o r e  

r e semble  t h o s e  i n  f i g u r e s  3a,  3b, and 3c.  

Un les s  w a i v e r s  a r e  o b t a i n e d  f o r  n o r t h - e a s t e r l y  launches ,  o n l y  

the  second  b r a n c h  (or l aunch  window) may be used  f o r  the 1973 oppor- 

t u n i t y .  Coast t imes  l e s s  t h a n  10 minutes  a r e  r e q u i r e d  t o  g e n e r a t e  
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l aunch  windows f o r  a p o r t i o n  o f  t h e  second branch .  Launch window 

may be f u r t h e r  ex tended  i f  90-minute c o a s t  c a p a b i l i t y  e x i s t s .  

Secondary Mission Obiectives 

Consider a p robe  approach ing  J u p i t e r  from a g iven  d i r e c t i o n  w i t h  
2 

a h y p e r b o l i c  approach  v e l o c i t y  ( r e l a t i v e  t o  J u p i t e r )  o f  VHA. 

e n c o u n t e r i n g  J u p i t e r ,  the  h y p e r b o l i c  d e p a r t u r e  v e l o c i t y  ( r e l a t i v e  

t o  J u p i t e r ) ,  VHD, i s  i d e n t i c a l  i n  magnitude t o  VH 

have  been t u r n e d  t h r o u g h  some a n g l e , T ,  due t o  the p r e s e n c e  o f  

After 

a 2 

b u t  it w i l l  A' 

J u p i t e r ' s  g r a v i t a t i o n a l  f i e l d .  F igu re  6 p r e s e n t s  t h i s  t u r n i n g  a n g l e  

a s  a f u n c t i o n  o f  the h y p e r b o l i c  approach  v e l o c i t y ,  VH, f o r  v a r i o u s  
a 

approach  d i s t a n c e s  from J u p i t e r .  It can be s e e n  from the f i g u r e  t h a t  

v e r y  f a s t  p r o b e s  a t  l a r g e  d i s t a n c e s  from J u p i t e r  a r e  unpe r tu rbed .  

The h e l i o c e n t r i c  v e l o c i t y  o f  t h e  p robe  is g i v e n  by the v e c t o r  

e q u a t i o n  : 
- A  4 
Vp = V + VH 2t 

2 

where V i s  J u p i t e r ' s  o r b i t a l  v e l o c i t y  and VH i s  t h e  h y p e r b o l i c  3- 
v e l o c i t y  r e l a t i v e  t o  J u p i t e r .  The h e l i o c e n t r i c  v e l o c i t y  o f  the  probe ,  

Vp, c an  be d r a s t i c a l l y  a l t e r e d  i f  t h e  p robe  p a s s e s  r e l a t i v e l y  c l o s e  
A 

t o  J u p i t e r .  

To i l l u s t r a t e  t he  d r a m a t i c  consequences o f  a J u p i t e r  encoun te r ,  

a s p e c i f i c  Ea r th -  J u p i t e r  t r a j e c t o r y  was s e l e c t e d  f o r  fur ther  a n a l y s i s .  

The r e f e r e n c e  t r a j e c t o r y  d e p a r t s  E a r t h  on A p r i l  11, 1973,  and r e q u i r e s  

500 days  t o  r e a c h  J u p i t e r .  Its h y p e r b o l i c  approach  v e l o c i t y  a t  t h a t  

t i m e  i s  1 2 . 2 5  Km/sec r e l a t i v e  t o  J u p i t e r .  

The pos t - encoun te r  geometry was computed and i s  summarized on 

f i g u r e  7 .  P e r i c e n t e r  r a d i i  of  5, 1 0 ,  15 ,  20, and 25  were assumed, 
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and b o t h  l e a d i n g  and t r a i l i n g  edge e n c o u n t e r s  were c o n s i d e r e d .  

f i g u r e  7 f o r  d e f i n i t i o n s . )  

(See 

T r a i l i n g  edge e n c o u n t e r s  a r e  observed  t o  i n c r e a s e  the r e s u l t a n t  

h e l i o c e n t r i c  v e l o c i t y  t h u s  promoting s o l a r  sys tem escape .  Leading 

edge e n c o u n t e r s  t e n d  t o  r e d u c e  h e l i o c e n t r i c  v e l o c i t i e s .  

Galactic Probe 

If the r e f e r e n c e  t r a j e c t o r y  were t o  encoun te r  J u p i t e r  a t  a n  

i n f i n i t e  d i s t a n c e  (hence, be unpe r tu rbed  by  J u p i t e r ) ,  it would r e a c h  

an  a p h e l i o n  d i s t a n c e  o f  o n l y  9 AU t a k i n g  about  2000 days (from l aunch) .  

But from f i g u r e  8, i f  J u p i t e r  is encoun te red  a t  5 t o  10 p l a n e t  r a d i i ,  

t h e  p robe  cou ld  r e a c h  9 AU i n  about 1000 days ;  and, fu r the rmore ,  it 

would u l t i m a t e l y  e scape  the s o l a r  system. (So la r  sys tem e s c a p e  

v e l o c i t y  a t  J u p i t e r  i s  about  18 .5  Km/sec.) 

The h i s t o r i c a l  s i g n i f i c a n c e  of  the  first s o l a r  sys tem e s c a p e  

s h o u l d  n o t  be over looked .  I t  would r a n k  a s  fundamen ta l ly  i m p o r t a n t  

a s  t h e  first e a r t h  s a t e l l i t e ,  the first moon l a n d i n g  and t h e  l i k e .  

S o l a r  Probe 

If the s p a c e c r a f t  were t o  encoun te r  J u p i t e r ' s  l e a d i n g  edge, the 

h e l i o c e n t r i c  v e l o c i t y  would be r educed  t o  such  an  e x t e n t  t h a t  it 

would f a l l  back  toward  the sun. For the r e f e r e n c e  t r a j e c t o r y ,  a p e r i -  

c e n t e r  p r o x i m i t y  o f  5 J u p i t e r  r a d i i  r e s u l t s  i n  a p e r i h e l i o n  d i s t a n c e  

o f  -097 AU a b o u t  528 days a f t e r  t h e  J u p i t e r  encoun te r  (1028 days  

a f t e r  e a r t h  d e p a r t u r e ) .  A p e r i c e n t e r  p r o x i m i t y  o f  1 0  r e s u l t s  i n  a 

p e r i h e l i o n  d i s t a n c e  o f  -028  AU, 681 days  a f t e r  encoun te r  (1181 days  

from e a r t h  d e p a r t u r e ) .  
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The s o l a r  probe  a p p l i c a t i o n  i s  f u r t h e r  i l l u s t r a t e d  i n  f i g u r e s  9 

and 1 0  which p r e s e n t  p e r i h e l i o n  d i s t a n c e  and J u p i t e r - S u n  t r i p  t i m e ,  

r e s p e c t i v e l y ,  a s  f u n c t i o n s  o f  J u p i t e r  p e r i c e n t e r  d i s t a n c e .  An e a r t h  

i n j e c t i o n  v e l o c i t y  o f  49,250 f p s  (C -104) was used i n  g e n e r a t i n g  

the f igu re ,  and E a r t h  and J u p i t e r  were assumed t o  occupy c i r c u l a r  

c o p l a n a r  o r b i t s  a t  r a d i a l  d i s t a n c e s  from t h e  sun e q u i v a l e n t  t o  t h e i r  

semi-major a x e s .  

3- 

From f i g u r e  9, it can be seen  t h a t ,  f o r  the  e a r t h  i n j e c t i o n  

ene rgy  d e p i c t e d ,  minimum p e r i h e l i o n  d i s t a n c e  (. 0325 AU) i s  ach ieved  

by a l l o w i n g  the s p a c e c r a f t  t o  p a s s  w i t h i n  1 2  J u p i t e r  r a d i i  of the 

p l a n e t .  T h i s  i s  a r e f l e c t i o n  of  t h e  encoun te r  geometry and t h e  

r e s u l t a n t  h e l i o c e n t r i c  v e l o c i t y  components i n  the r a d i a l  and t a n g e n t i a l  

d i r e c t i o n s .  

Energy SavinF Schemes f o r  J u p i t e r  Flvbv Miss ions  

It  h a s  been s u g g e s t e d  t h a t  g r a v i t y  e n c o u n t e r s  w i t h  e i t h e r  Venus 

o r  Mars might be  used  t o  r e d u c e  energy  r e q u i r e m e n t s  f o r  J u p i t e r  

m i s s i o n s .  No s t u d i e s  have been conducted  a t  LeRC t o  s u b s t a n t i a t e  

t h i s .  

Niehoff ( r e f e r e n c e  1) h a s  t aken  a p r e l i m i n a r y  look a t  t h i s  prob-  

l e m .  I n  h i s  a n a l y s i s ,  he found t h a t  post-Venus t r a j e c t o r i e s  neve r  

r e a c h e d  more t h a n  3 A U  f r o m  the sun even f o r  c h a r a c t e r i s t i c  v e l o c i t i e s  

a s  h i g h  as 54,000 f p s .  When a p p l i e d  i n  a d i r e c t  f a s h i o n ,  t h i s  ve lo -  

c i t y  no rma l ly  g i v e s  a p h e l i o n s  of 1 0  AU o r  b e t t e r .  

For Ea r th /Mars / Jup i t e r  t r a j e c t o r i e s ,  a c h a r a c t e r i s t i c  v e l o c i t y  

s a v i n g s  of abou t  2000 f p s  over  the d i r e c t  E a r t h - J u p i t e r  mode was 
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demonst ra ted  i n  r e f e r e n c e  1 f o r  500-600 day t r i p  times. Hyperbol ic  

v e l o c i t i e s  a t  Mars were obse rved  t o  be  double  t h a t  o f  t y p i c a l  Mars 

probe  v a l u e s  which would seem t o  minimize t h e  v a l u e  o f  any Mars 

exper iments  e n r o u t e .  Furthermore,  t h e  n e x t  f a v o r a b l e  E a r t h m a r s /  

J u p i t e r  o p p o r t u n i t y  i s  shown t o  occur i n  1984. The modest energy  

s a v i n g s  p r o v i d e d  by a Mars g r a v i t y  encoun te r ,  t o g e t h e r  w i t h  v e r y  

i n f r e q u e n t  l aunch  o p p o r t u n i t i e s ,  d imin i sh  t h e  impor tance  o f  t h i s  

m i s s i o n  mode; and it was n o t  i n c l u d e d  i n  the p r e s e n t  i n v e s t i g a t i o n .  

CONCLUDING REMARKS 

A p r e l i m i n a r y  s t u d y  h a s  r e v e a l e d  t h a t  d i r e c t  and i n d i r e c t  a s c e n t  

l aunch  windows appear  t o  e x i s t  f o r  the 1972  t o  1973 J u p i t e r  oppor tun i -  

t i e s .  

If encoun te r  d i s t a n c e s  a r e  d i s c r e e t l y  chosen, the s p a c e c r a f t  

may a c h i e v e  a secondary  mis s ion  o b j e c t i v e  such  a s  a g a l a c t i c  p robe  

o r  a c l o s e  s o l a r  p robe .  

No a p p a r e n t  ene rgy  r e d u c t i o n  schemes have been uncovered a s  y e t  

f o r  t h e s e  o p p o r t u n i t i e s  o t h e r  t h a n  i n c r e a s i n g  Ea r th -  J u p i t e r  t r i p  

t i m e s  . 
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